Background. Sugammadex is a new reversal agent that has entered use recently. It is known that with sugammadex some changes in coagulation parameters occur without documented clinical results. Aim of the Work. The objective of this study was to identify effects of sugammadex on liver functions, coagulation, and fibrinolytic systems. Methods. Thirty-six rats were randomized into six groups: Group I, control; Group II, rocuronium group; Group III, sugammadex administered in 16 mg kg −1 dose; Group IV, sugammadex administered in 96 mg kg −1 dose; Group V, rocuronium and sugammadex administered in 16 mg kg −1 dose; and Group VI, rocuronium and sugammadex administered in 96 mg kg −1 dose. After 120 minutes, blood samples were obtained for prothrombin time, activated partial thromboplastin time, D-dimer, fibrinogen, aspartate aminotransferase, alanine aminotransferase, albumin, platelet, and mean platelet volume analyses. Results. Compared to the control group, in all groups measured parameters did not show any effect from a statistical viewpoint either due to the administered drugs alone or due to interaction effects. Conclusion. The conclusion was reached that administration of sugammadex in rats did not have any significant effect on the fibrinolytic system, coagulation parameters, and liver function.
Introduction
Acetylcholinesterase inhibitors, used to reverse the effects of nondepolarizing neuromuscular blockers, have important disadvantages such as residual block and hemodynamic side effects [1, 2] . The most important reasons for choosing sugammadex, a gamma cyclodextrin derivative which has entered use in recent years, are its superior properties during extubation and recovery stages and low risk of residual block [3] .
Though it has no significant side effect reported from clinical use, it is reported that sugammadex causes a range of changes in coagulation parameters [4, 5] . There are publications recommending the effects of different doses of sugammadex on hemorrhage and coagulation should be clinically researched [6] . In this study low and high dose sugammadex were used to reverse neuromuscular block, with the aim of researching the effects of sugammadex on liver function, coagulation, and fibrinolytic system.
Materials and Methods

Animals and Study
Groups. This experimental study was approved by Ondokuz Mayıs University Animal Care and Ethics Committee (2013/35). Female Sprague-Dawley rats ( : 36, weight: 200-250 g) were randomized into six groups. There was no mortality in the study animals and all rats were stable throughout the study period. Rats were anesthetized with ketamine hydrochloride (i.m. 60 mg kg −1 ) and xylazine (i.m. 10 mg kg −1 ) and anesthesia was maintained with xylazine (i.m. 10 mg kg −1 per hour). The rats were placed in supine position with their extremities on the operating table: Group I, control; Group II, rocuronium administered in dose 2 sugammadex i.v. Group I was given 1 mL physiological serum i.v. of equal volume to the rest of the groups. After drug administration, the animals were intubated in Groups II, V, and VI and they were ventilated with a breathing circuit. In Groups V and VI, rats received rocuronium and following endotracheal intubation sugammadex was administered without delay. Upon maintenance of the spontaneous ventilation, the rats were extubated and returned to their environment. The groups that were not intubated waited the same length of time for spontaneous respiration as the other groups that were intubated. The rats were rested for 120 minutes (sugammadex has an elimination half-life of 100-150 minutes) after extubation and blood samples were obtained into citrate including tubes for prothrombin time (PT), activated partial thromboplastin time (aPTT), D-dimer, fibrinogen, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and albumin measurements and other samples were obtained into K2EDTA including tubes for platelet (PLT) and mean platelet volume (MPV) measurements by cardiac puncture. The blood samples were centrifuged at 2000 ×g for 10 min at 4 ∘ C and plasma samples were studied immediately. PT, aPTT, and fibrinogen measurements were performed by original reagent on ERBA analyzer. AST, ALT, and albumin measurements were performed colorimetrically on ABBOT C8000 autoanalyzer and D-dimer measurements were also performed using the ELISA method. Platelet (PLT) and mean platelet volume (MPV) measurements were performed on ABBOT Cell Dyne analyzer.
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Statistical Analyses.
According to the results of the Levene test ( > 0.05) and Shapiro Wilk test ( > 0.05) for equality of variances and the normality assumption, respectively, an analysis of variance was performed in a completely randomized design with a 3 × 2 factorial arrangement of treatments (S and R levels):̂= +S +V +SV + whereî s observation value; is the overall mean; S is the effect of the th S treatment (1 = without S, 2 = with low S, 3 = with high S); V is the effect of the th R treatment (1 = without R, 2 = with R); SV is the effect of interaction between S and R; and = residual error. Then, the Tukey HSD multiple comparison test was applied to determine any further differences among the groups. Significance was evaluated at < 0.05 for all tests. Statistical analyses were performed using SPSS 20.0 (SPSS, Inc., Chicago, Illinois).
Results
Descriptive statistical data from all groups are presented in Tables 1, 2 , 3, and 4. We did not find a significant change in PLT and MPV counts in any of the groups given low or high dose sugammadex compared with the control group. Again in terms of PT, aPTT, fibrinogen, and D-dimer levels, there was no significant difference between the groups. In our study when the markers of liver function of AST, ALT, and albumin levels are examined, there was no difference found between the groups. There was no statistically significant difference between all these variables; values ranged between 0.184 and 0.990 ( > 0.05).
Discussion
Nondepolarizing neuromuscular blockers are used routinely in modern anesthetic practice in the whole world [7] . With Advances in Anesthesiology 3 the aim of reversing the blockage effect caused by these agents, acetylcholinesterase inhibitors have been used for many years but have important disadvantages such as residual block and hemodynamic side effects. Sugammadex is a gamma cyclodextrin derivative that is a new-generation reversal agent used to end the effects of nondepolarizing neuromuscular blockers (vecuronium and rocuronium). Its method of effect is to form a complex with muscle relaxants in circulation and at the nerve-muscle junctions, to end their effect [1] . Studies on sugammadex have shown that the medication is safe even at deep block levels and provides extubation conditions and a range of complications during waking are encountered less often [1, 8] . The cardiovascular side effects seen with traditional reversal agents are not observed with sugammadex and this is an important advantage [2, 5] . Sugammadex is a reliable and well-tolerated medication with increasing use in recent years [9] [10] [11] . It has been used in Europe since 2008 and in Japan since 2010, while it awaits approval from the Food and Drug Administration (FDA) in the USA [7] . In spite of many superior properties that have been reported it has been known that with sugammadex some changes in coagulation parameters occur without documented clinical consequences. There is still controversy about the relationship between sugammadex and bleeding [5, 6] . Hemostasis mechanisms during surgical procedures are directed at stopping bleeding and preventing the formation of thrombosis. In the preoperative period no matter how much hemostasis tests are recommended to identify coagulation 4 Advances in Anesthesiology disorders and determine postoperative hemorrhage risk, routine coagulation tests may not always be possible. However, in patients with positive hemorrhage history these tests are significant to a greater degree [12, 13] . In a study short-term (<30 min) prolongation of activated partial thromboplastin time (aPTT) was shown to follow doses of 4 and 16 mg kg −1 sugammadex [14] . In research on healthy volunteers by de Kam et al. to investigate the effect of sugammadex on coagulation factors and platelet aggregation, 4 and 16 mg kg −1 doses of sugammadex caused a dose-related, limited, and temporary lengthening of aPTT and PT that was not clinically significant [15] . Another research, again by de Kam et al., on 26 healthy volunteers showed that sugammadex taken together with aspirin did not have a significant effect clinically in terms of reducing platelet aggregation [16] . However, it must be recalled that when PLT count and coagulation parameters are normal, hemorrhage due to reasons such as platelet function disorders, hereditary hemorrhagic disorders, von Willebrand disease, and Factor XIII deficiency may still be seen [17, 18] . MPV plays a role as an indicator of platelet activation [19] . Though the relationship between MPV and platelet count is not very clear, it is reported that an increase in MPV is accompanied by a reduction in platelet counts [20] . In our research we did not find a significant change in PLT and MPV counts in any of the groups given low or high dose sugammadex compared with the control group (Table 1) . Again in terms of PT, aPTT, fibrinogen, and D-dimer levels, there was no significant difference between the groups (Tables 2 and 3 ). Some publications have reported that, though low, there is a potential risk of hemorrhage in the postoperative period due to the minor and temporary lengthening effect of sugammadex administered at the end of the surgical procedure [21, 22] . From the point of view of sugammadex and hemorrhagic complications, the European Medicines Agency researched two possible hemorrhagic complications and determined that "obtained proof shows there is an effect of sugammadex on bleeding parameters such as aPTT and PT" [23] . According to information given by the European Medicines Agency on the product characteristics of sugammadex, doses of 4 and 16 mg kg −1 resulted in maximum mean prolongations of the activated partial thromboplastin time by 17 and 22%, respectively, and prothrombin time by 11 and 22%, respectively. These limited mean aPTT and PT prolongations were of short duration (≤30 minutes). Again as stated in the same report, an increased risk of bleeding cannot be excluded in patients with hereditary vitamin K dependent clotting factor deficiencies and with preexisting coagulopathies and using anticoagulants who receive a dose of 16 mg kg −1 sugammadex. Administrators of anesthesia evaluate the risk-benefit ratio for patients with these types of risk factors and monitor these patients closely for hemostasis. In vitro studies have reported that there may be a pharmacodynamic interaction with vitamin K antagonists, unfractionated heparin, low molecular weight heparinoids, rivaroxaban, and dabigatran [4] . Other studies on the topic of sugammadex and laboratory tests have shown that, other than the exceptions of progesterone levels and coagulation parameters (aPTT, PT), sugammadex was not reported to have any interactions in other laboratory tests. These interactions were reported at similar intervals to serum concentrations obtained after administration of 16 mg kg −1 sugammadex. In addition as sufficient studies have not been completed with patients, it is not clear whether the findings are clinically significant or not [5, 24, 25] . In recent times as clinical results related to sugammadex have begun to be reported, information must be added that in the minutes immediately after administration a lengthened clotting time has been noticed [26] . In our study where groups were given sugammadex alone or after rocuronium with low or high dose, we did not find any significant change in terms of coagulation or fibrinolytic system parameters in any of the groups given sugammadex compared to the control group. Raft et al., in a retrospective study observing the effect of sugammadex on amount of bleeding in drains and dressings after laparotomy, found that in the group using sugammadex after a variety of cancer surgeries with high hemorrhagic potential no significant difference was observed in postoperative coagulation parameters compared to preoperative values and reported that there was no statistically significant difference in amount of bleeding after surgery. With these findings the researchers recommended that new studies about hemostasis should be completed with doses of sugammadex higher than 2 and 4 mg kg −1 , primarily on patients with coagulation disorders [6] . In situations where the liver, a very important organ in the hemostatic system, is affected, many disorders are observed such as thrombocytopenia, platelet function defects, reduced levels of coagulation factors in circulation, and reduced levels of proteins playing a role in fibrinolysis [27] . In our study when the markers of liver function of AST, ALT, and albumin levels are examined, there was no difference found between the groups (Table 4 ). Staals et al. in a study of patients with renal failure, found sugammadex had no significant effect on AST, ALT, gamma glutamyl transferase levels and PLT counts compared to the control group [28] . In 2014 Rahe-Meyer et al., in a study of patients undergoing joint surgery on the hip or knee, compared the aPTT and PT levels of patients given sugammadex, neostigmine with glycopyrrolate, or atropine or placebo/spontaneous recovery and found limited levels of increase and reported that there was no other increase in incidence of bleeding [21] . Schaller and Fink in an evidence-based compilation reported that if there is a situation that causes risk of bleeding or that may be revealed by not taking extra precautions with sugammadex, the anticoagulant effects of sugammadex may become clear clinically in such situations. They also stated that for administration in such patient groups the bleeding risk of sugammadex must be balanced by superior individual benefits [7] . The aim of our study was to evaluate the acute effect of sugammadex on synthesis ability of the liver. Serum values of AST, ALT, and albumin were used for determination of the synthesis ability. Our results showed that sugammadex has not any deleterious effect on synthesis ability of the liver. We think that in order to perform more comprehensive investigation of sugammadex on liver functions, the half-life of ALT, AST, albumin, and other proteins synthesized in liver should be considered and their consequential serum values should be determined.
Conclusion
In conclusion, our research found that low and high doses of sugammadex in rats had no significant effect on PT, aPTT, Ddimer, fibrinogen, AST, ALT, albumin, PLT, and MPV levels. However, the bleeding risk related to surgery may be due to silent hematological diseases or medications and herbal preparations used by patients and we believe it is necessary to investigate sugammadex in more detail in such situations.
